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SYSTEM AND METHOD FOR DETECTING A 
LIST IN INK INPUT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention claims priority to US. provisional 
patent application Ser. No. 60/505,797, ?led Sep. 24, 2003, 
and incorporated herein in its entirety. 

FIELD OF THE INVENTION 

The invention relates generally to computer systems, and 
more particularly to an improved system and method for 
detecting a list in ink input. 

BACKGROUND OF THE INVENTION 

The ability to detect a list is important for users to be able 
to write and draw directly on their computers using ink input 
or ink notes. Current hardware and software may be able to 
capture ink representing handwriting reasonably well but is 
currently unable to similarly detect and represent the mean 
ing of handwritten structures such as a list of items in ink 
input. As a result, users may instead use menu-based appli 
cation programs to create structures for text such as a list. 
Various structures may be presented by such application 
programs for a user to select and/or use in formatting input 
text. For example, a word processing application program 
may include a menu option for formatting text as a bulleted 
or numbered list of items. 

Research focused on recognition of hand-drawn objects 
has yielded marginal results to date. For instance, incremen 
tal recognition algorithms have been used that may recog 
niZe simple geometric shapes such as a circle or a box from 
a speci?c number of strokes made in a particular order. 
However, such incremental algorithms rely on stroke order 
and/or assume a particular number of strokes in order to 
recogniZe a particular hand-drawn object. Such an approach 
fails to be robust for several reasons. First of all, none of the 
incremental algorithms solves the grouping problem of 
deciding which collection of strokes belongs together 
because those strokes represent a speci?c structure or shape. 
Without the ability to group strokes together that belong to 
a structure or shape, incremental algorithms may not accom 
modate multi-stroke structures such as lists. 

What is needed is a way for detecting and representing the 
meaning of hand-written structures that may be insensitive 
to stroke input order and/or the number of strokes required 
to form a given structure. Any such system and method 
should be able to detect multi-stroke hand-written structures 
and be able to decide which collection of strokes belong 
together that represent a handwritten structure. 

SUMMARY OF THE INVENTION 

Brie?y, the present invention provides a system and 
method for detecting a list in ink input. To this end, a 
detector is provided that may detect a list such as a bulleted 
or numbered list of items in ink input. The detector may 
include a list candidate detector for selecting a group of lines 
that may form a list within the ink input, a list indentation 
detector for detecting the indentation level of a handwritten 
line within the list, a bullet detector for detecting a bullet in 
a handwritten line of the list, and a list structure detector for 
providing the structure of the list. 
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2 
The present invention may detect and represent the mean 

ing of a hand-written structure, such as a list, by ?rst 
performing list candidate identi?cation to select a group of 
lines that may form a list within the ink input. Indentation 
level clustering may also be performed for each line of the 
candidate list to group indentation levels of the candidate 
list. Bullet detection may then be performed to identify a 
bullet, such as a graphical or alphanumeric bullet, in a 
handwritten line within the ink input. Finally, the structure 
of the list may be determined, including the relationship 
among the list items, and the candidate list may be con 
?rmed to be a valid list that includes at least two bulleted 
items. 

In one embodiment, bullet detection may be performed by 
detecting bullet partners, which are pairs of lines at the same 
indentation level that may begin with bullet candidates with 
similar features. The features of the bullet candidates in a 
pair of lines may be used to determine the likelihood of 
whether the pair of lines may be bullet partners. If the 
likelihood of the features of the bullet candidates exceeds a 
threshold, the pair of lines may be considered bullet partners 
and the bullet candidates may be considered valid bullets. 
Otherwise, a candidate bullet may be considered a valid 
bullet if the line of the bullet candidate is a member of an 
indentation level set that has a subset of bullet partners and 
the ratio of the number of lines in the set of bullet partners 
to the number of lines in the indentation level set is deter 
mined to be higher than a threshold. 

Advantageously, the system and method are insensitive to 
stroke input order and the number of strokes that may form 
a hand-drawn structure. Other advantages will become 
apparent from the following detailed description when taken 
in conjunction with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram generally representing a com 
puter system into which the present invention may be 
incorporated; 

FIG. 2 is a block diagram generally representing an 
exemplary architecture of system components for detection 
of a list in ink input, in accordance with an aspect of the 
present invention; 

FIG. 3 is a ?owchart generally representing the steps 
undertaken for detection of a list in ink input and generating 
the list structure, in accordance with an aspect of the present 
invention; 

FIG. 4 is an exemplary illustration generally representing 
a structural relationship of handwritten objects in ink input 
for use in performing detection of a list, in accordance with 
an aspect of the present invention; 

FIG. 5 is a ?owchart generally representing one embodi 
ment of the steps undertaken for list detection, in accordance 
with an aspect of the present invention; 

FIG. 6 is a ?owchart generally representing an embodi 
ment of the steps undertaken for list candidate identi?cation, 
in accordance with an aspect of the present invention; 

FIG. 7 presents exemplary illustrations generally repre 
senting list candidates, in accordance with an aspect of the 
present invention; 

FIG. 8 is a ?owchart generally representing an embodi 
ment of the steps undertaken for performing indentation 
level clustering, in accordance with an aspect of the present 
invention; 

FIG. 9 presents an exemplary illustration generally rep 
resenting a candidate list after identi?cation level clustering, 
in accordance with an aspect of the present invention; 
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FIG. 10 is a ?owchart generally representing an embodi 
ment of the steps undertaken for performing bullet detection, 
in accordance With an aspect of the present invention; 

FIGS. 11 is a ?owchart generally representing an embodi 
ment of the steps undertaken for performing bullet partner 
detection, in accordance With an aspect of the present 
invention; 

FIG. 12 is a ?oWchart generally representing an embodi 
ment of the steps undertaken for performing list structure 
determination, in accordance With an aspect of the present 
invention; 

FIG. 13 is an exemplary illustration generally represent 
ing one embodiment of a candidate list structure, in accor 
dance With an aspect of the present invention; and 

FIG. 14 is an exemplary illustration generally represent 
ing a structural relationship of handWritten objects in ink 
input after performing list detection of a draWing object, in 
accordance With an aspect of the present invention. 

DETAILED DESCRIPTION 

Exemplary Operating Environment 
FIG. 1 illustrates an example of a suitable computing 

system environment 100 on Which the invention may be 
implemented. The computing system environment 100 is 
only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 
use or functionality of the invention. Neither should the 
computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 

The invention is operational With numerous other general 
purpose or special purpose computing system environments 
or con?gurations. Examples of Well knoWn computing sys 
tems, environments, and/or con?gurations that may be suit 
able for use With the invention include, but are not limited 
to: personal computers, server computers, hand-held or 
laptop devices, tablet devices, headless servers, multipro 
cessor systems, microprocessor-based systems, set top 
boxes, programmable consumer electronics, netWork PCs, 
minicomputers, mainframe computers, distributed comput 
ing environments that include any of the above systems or 
devices, and the like. 

The invention may be described in the general context of 
computer-executable instructions, such as program modules, 
being executed by a computer. Generally, program modules 
include routines, programs, objects, components, data struc 
tures, and so forth, Which perform particular tasks or imple 
ment particular abstract data types. The invention may also 
be practiced in distributed computing environments Where 
tasks are performed by remote processing devices that are 
linked through a communications netWork. In a distributed 
computing environment, program modules may be located 
in local and/or remote computer storage media including 
memory storage devices. 

With reference to FIG. 1, an exemplary system for imple 
menting the invention includes a general purpose computing 
device in the form of a computer 110. Components of the 
computer 110 may include, but are not limited to, a pro 
cessing unit 120, a system memory 130, and a system bus 
121 that couples various system components including the 
system memory to the processing unit 120. The system bus 
121 may be any of several types of bus structures including 
a memory bus or memory controller, a peripheral bus, and a 
local bus using any of a variety of bus architectures. By Way 
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4 
of example, and not limitation, such architectures include 
Industry Standard Architecture (ISA) bus, Micro Channel 
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video 
Electronics Standards Association (V ESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also knoWn as 
MeZZanine bus. 

The computer 110 typically includes a variety of com 
puter-readable media. Computer-readable media can be any 
available media that can be accessed by the computer 110 
and includes both volatile and nonvolatile media, and 
removable and non-removable media. By Way of example, 
and not limitation, computer-readable media may comprise 
computer storage media and communication media. Com 
puter storage media includes volatile and nonvolatile, 
removable and non-removable media implemented in any 
method or technology for storage of information such as 
computer-readable instructions, data structures, program 
modules or other data. Computer storage media includes, but 
is not limited to, RAM, ROM, EEPROM, ?ash memory or 
other memory technology, CD-ROM, digital versatile disks 
(DVD) or other optical disk storage, magnetic cassettes, 
magnetic tape, magnetic disk storage or other magnetic 
storage devices, or any other medium Which can be used to 
store the desired information and Which can accessed by the 
computer 110. Communication media typically embodies 
computer-readable instructions, data structures, program 
modules or other data in a modulated data signal such as a 
carrier Wave or other transport mechanism and includes any 
information delivery media. The term “modulated data sig 
nal” means a signal that has one or more of its characteristics 
set or changed in such a manner as to encode information in 

the signal. By Way of example, and not limitation, commu 
nication media includes Wired media such as a Wired net 
Work or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of the any of the above should also be included Within 
the scope of computer-readable media. 

The system memory 130 includes computer storage media 
in the form of volatile and/or nonvolatile memory such as 
read only memory (ROM) 131 and random access memory 
(RAM) 132. A basic input/output system 133 (BIOS), con 
taining the basic routines that help to transfer information 
betWeen elements Within computer 110, such as during 
start-up, is typically stored in ROM 131. RAM 132 typically 
contains data and/or program modules that are immediately 
accessible to and/or presently being operated on by process 
ing unit 120. By Way of example, and not limitation, FIG. 1 
illustrates operating system 134, application programs 135, 
other program modules 136 and program data 137. 

The computer 110 may also include other removable/non 
removable, volatile/nonvolatile computer storage media. By 
Way of example only, FIG. 1 illustrates a hard disk drive 141 
that reads from or Writes to non-removable, nonvolatile 
magnetic media, a magnetic disk drive 151 that reads from 
or Writes to a removable, nonvolatile magnetic disk 152, and 
an optical disk drive 155 that reads from or Writes to a 
removable, nonvolatile optical disk 156 such as a CD ROM 
or other optical media. Other removable/non-removable, 
volatile/nonvolatile computer storage media that can be used 
in the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, ?ash memory cards, 
digital versatile disks, digital video tape, solid state RAM, 
solid state ROM, and the like. The hard disk drive 141 is 
typically connected to the system bus 121 through a non 
removable memory interface such as interface 140, and 
magnetic disk drive 151 and optical disk drive 155 are 
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typically connected to the system bus 121 by a removable 
memory interface, such as interface 150. 

The drives and their associated computer storage media, 
discussed above and illustrated in FIG. 1, provide storage of 
computer-readable instructions, data structures, program 
modules and other data for the computer 110. In FIG. 1, for 
example, hard disk drive 141 is illustrated as storing oper 
ating system 144, application programs 145, other program 
modules 146 and program data 147. Note that these com 
ponents can either be the same as or different from operating 

system 134, application programs 135, other program mod 
ules 136, and program data 137. Operating system 144, 
application programs 145, other program modules 146, and 
program data 147 are given different numbers herein to 
illustrate that, at a minimum, they are different copies. A user 
may enter commands and information into the computer 110 
through input devices such as a tablet, or electronic digitizer, 
164, a microphone 163, a keyboard 162 and pointing device 
161, commonly referred to as mouse, trackball or touch pad. 
Other input devices not shoWn in FIG. 1 may include a 
joystick, game pad, satellite dish, scanner, or other devices 
including a device that contains a biometric sensor, envi 
ronmental sensor, position sensor, or other type of sensor. 
These and other input devices are often connected to the 
processing unit 120 through a user input interface 160 that 
is coupled to the system bus, but may be connected by other 
interface and bus structures, such as a parallel port, game 
port or a universal serial bus (U SB). Amonitor 191 or other 
type of display device is also connected to the system bus 
121 via an interface, such as a video interface 190. The 
monitor 191 may also be integrated With a touch-screen 
panel or the like. Note that the monitor and/or touch screen 
panel can be physically coupled to a housing in Which the 
computing device 110 is incorporated, such as in a tablet 
type personal computer. In addition, computers such as the 
computing device 110 may also include other peripheral 
output devices such as speakers 195 and printer 196, Which 
may be connected through an output peripheral interface 194 
or the like. 

The computer 110 may operate in a netWorked environ 
ment using logical connections to one or more remote 
computers, such as a remote computer 180. The remote 
computer 180 may be a personal computer, a server, a router, 
a netWork PC, a peer device or other common netWork node, 
and typically includes many or all of the elements described 
above relative to the computer 110, although only a memory 
storage device 181 has been illustrated in FIG. 1. The logical 
connections depicted in FIG. 1 include a local area netWork 
(LAN) 171 and a Wide area netWork (WAN) 173, but may 
also include other netWorks. Such netWorking environments 
are commonplace in of?ces, enterprise-Wide computer net 
Works, intranets and the Internet. When used in a LAN 
netWorking environment, the computer 110 is connected to 
the LAN 171 through a netWork interface or adapter 170. 
When used in a WAN netWorking environment, the com 
puter 110 typically includes a modem 172 or other means for 
establishing communications over the WAN 173, such as the 
Internet. The modem 172, Which may be internal or external, 
may be connected to the system bus 121 via the user input 
interface 160 or other appropriate mechanism. In a net 
Worked environment, program modules depicted relative to 
the computer 110, or portions thereof, may be stored in the 
remote memory storage device. By Way of example, and not 
limitation, FIG. 1 illustrates remote application programs 
185 as residing on memory device 181. It Will be appreciated 
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6 
that the netWork connections shoWn are exemplary and other 
means of establishing a communications link betWeen the 
computers may be used. 

Detecting a List in Ink Input 
The present invention is generally directed toWards a 

system and method for detecting a list in ink input. A user 
may draW lists freely Without restrictions on the handWritten 
input. A list may have many strokes and the input order of 
strokes may be arbitrary so that the system and method may 
accept any ink as input. As used herein, a list means a 
structure With at least tWo bulleted list items, Where a list 
item includes at least one line and may include a bullet. 

In speci?c, the system and method may select a group of 
lines as a candidate list. Indentation level clustering and 
bullet detection may then be performed in order to determine 
the structure of the list. Finally, the structure of the list may 
be determined, including the relationship among the list 
items. As Will be understood, the various block diagrams, 
?oW charts and scenarios described herein are only 
examples, and there are many other scenarios to Which the 
present invention Will apply. 

Turning to FIG. 2 of the draWings, there is shoWn a block 
diagram generally representing an exemplary architecture of 
system components for detection of a list in ink input. Those 
skilled in the art Will appreciate that the functionality 
implemented Within the blocks illustrated in the diagram 
may be implemented as separate components or the func 
tionality of several or all of the blocks may be implemented 
Within a single component. For example, the functionality 
for the list candidate detector 206 may be included in the ink 
parser 202. Or the functionality of the list structure detector 
212 may be implemented as a separate component. 
The ink parser 202 may accept any ink, including ink With 

a draWing object. The ink parser 202 may include an 
operably coupled list detector 204. In general, the ink parser 
202 and the list detector 204 may be any type of executable 
softWare code such as a kernel component, an application 
program, a linked library, an object, and so forth. The list 
detector 204 may include an operably coupled list candidate 
detector 206 for selecting a group of lines that may form a 
candidate list from the ink input, an operably coupled bullet 
detector 208 for detecting a bullet in a line of the list, an 
operably coupled list indentation detector 210 for detecting 
the indentation level of a line in the list, and an operably 
coupled list structure detector 212 for providing the structure 
of the list, including the relationship among the list items. 
Each of these components may also be any type of execut 
able softWare code such as a kernel component, an appli 
cation program, a linked library, an object, or other type of 
executable softWare code. 

FIG. 3 presents a ?owchart generally representing the 
steps undertaken for detection of a list in ink input and 
generating the list structure. At step 302, any ink may be 
parsed, including ink With a handWritten structure such as a 
list. For instance, in one embodiment, a page of ink may be 
accepted as input and parsed. In this embodiment, the ink 
parser, for example, may have no a priori knoWledge of the 
ink on the page. Therefore, fundamental algorithms such as 
Word grouping, Writing/drawing classi?cation and draWing 
grouping may be executed. In order to perform Word group 
ing, strokes may be grouped into hierarchies of Words, lines, 
and blocks. To do so, the Word grouping process may 
include feature extraction of strokes to capture distance, 
geometric dissimilarity and linearity, and other stroke fea 
tures. The Word grouping process may also include dynamic 
programming to group the strokes according to temporal 
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information. The word grouping process may also include 
clustering to group the strokes according to spatial informa 
tion. The words, lines and blocks identi?ed in the groups 
may not necessarily correspond to real semantic words, lines 
and blocks. In fact, these groups may include strokes of 
handwritten structures such as a list. 

To perform writing/drawing classi?cation, various fea 
tures may be identi?ed that may di?ferentiate writing from 
drawing. For instance, single word features such as curva 
ture, density, and other handwriting model features, may be 
used to differentiate writing from drawing. In one embodi 
ment, context features such as temporal and spatial context 
features, may be used to differentiate writing from drawing. 
Each of the various features may be mapped to a fuZZy 
function, and classi?cation between writing and drawing 
may be determined according to a combination of the fuZZy 
functions. 

After performing word grouping and writing/ drawing 
classi?cation, the drawing strokes may be well organiZed by 
performing drawing grouping. To perform drawing group 
ing, the drawing strokes may be grouped into independent 
objects according to the spatial relationship among them. An 
e?icient grid-based approach may be used for ?tting the ink 
strokes into an image grid with an appropriate siZe. The 
image grid may be labeled to ?nd connected components. 
Each connected component may correspond to a drawing 
object. Heuristic rules may then be applied to adjust the 
drawing objects. 

Using the writing lines and drawing strokes generated by 
the ink parser, list detection may be performed at step 304 
to determine whether a handwritten object is a list, and if so, 
to provide the structure of the list. List detection may ?rst 
perform list candidate identi?cation to identify a candidate 
list. Then indentation level clustering and bullet detection 
may also be performed in order to determine the structure of 
the list. Finally, the structure of the list may be determined. 
At step 306, the list structure may be generated as output. 
The list structure may be a hierarchical structure such as a 
directed acyclic graph representing the structural relation 
ship of a list. 

FIG. 4 presents an exemplary illustration generally rep 
resenting a structural relationship of handwritten objects in 
ink input for use in performing detection of a list. Root 402 
may represent ink input, such as a page of ink input, that may 
include writing and one or more drawing objects such as 
drawing objects 404 and 406. The writing may be structur 
ally represented by paragraph 408 that may be made of line 
410 which has a word 412 formed by strokes 414. Drawing 
object 404 may have associated content such as text which 
may be structurally represented by paragraph 408 that may 
be made of line 410 which has a word 412 formed by strokes 
414. A handwritten structure such as a list may be detected 
and its structure determined in ink input 402. 

FIG. 5 presents a ?owchart generally representing one 
embodiment of the steps undertaken for detection of a list. 
At step 502, list candidate identi?cation may be performed 
to select a group of lines that may form a list within the ink 
input. Indentation level clustering may also be performed at 
step 504 for each line of the list candidate to group inden 
tation levels of the list candidate. The indentation of a line 
is de?ned herein as the distance from the left edge of the line 
to the left edge of the list. Indentations may be grouped into 
levels and indentations at the same level are similar. At step 
506, bullet detection may then be performed to identify a 
bullet. A bullet may be composed of one or several strokes 
and may begin a line. There are generally two types of 
bullets, graphical bullets and alphanumeric bullets. Graphi 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
cal bullets may include a dot, a dash, a circle, a rectangle and 
so forth. The shape of graphical bullets is usually similar. 
Alphanumeric bullets may include an alphabetic character, a 
number, or a combination of alphabetic characters and/or 
numbers. Typically, a sequence of alphanumeric bullets is 
incremental. Bullets at the same indentation level are usually 
the same type. Finally, the structure of the list may be 
determined at step 508, including the relationship among the 
list items. The candidate list may then be con?rmed to be a 
valid list if it may include at least two bulleted items. 

FIG. 6 presents a ?owchart generally representing an 
embodiment of the steps undertaken for list candidate iden 
ti?cation. At step 602, each of the writing lines input to the 
list detector may be set as list candidates. In one embodi 
ment, the list detector may work on only one group of such 
lines at a time. At step 604, it may be determined whether 
there is only one list candidate in the group of lines set as list 
candidates. If so, then list candidate identi?cation may be 
?nished. If not, then pairs of list candidates may be gener 
ated at step 606. A pair of list candidates may be selected at 
step 608 from the pairs of list candidates generated. It may 
then be determined whether to merge the pair of list candi 
dates at step 610. If the angles of the lines in both lists is 
almost the same and the vertical distance between the 
neighboring lines of the lists is small, then the list candidates 
may be merged into a new list candidate at step 612 and the 
process may return to step 604. Otherwise, it may be 
determined at step 614 whether there is another pair of list 
candidates that may be merged. If so, then the process may 
return to step 608 to select a pair of list candidates. If not, 
then the process of list candidate identi?cation may be 
?nished. 

FIG. 7 presents exemplary illustrations generally repre 
senting list candidates. There are three list candidates illus 
trated: list 1 702, list 2 704, and list 3 706. List 1 702 may 
not be merged with list 2 704 because there is too great a 
difference of the angles of the lines in both lists. List 2 704 
and list 3 706 may not be merged together because the 
vertical distance between the last line of list 2 704 and the 
?rst line of list 3 706 is too great. The rectangles 708 may 
represent the block grouping made by word grouping per 
formed by the ink parser in one embodiment. A list candidate 
may include block groupings such as the three block group 
ings in list 3 706, for example. 

FIG. 8 presents a ?owchart generally representing an 
embodiment of the steps undertaken for performing inden 
tation level clustering. The lines of a candidate list may be 
clustered into indentation level groups based upon each 
line’s indentation. To do so, the indentation of each line may 
be computed and then the indentations may be clustered into 
several indentation level groups. The indentation level of a 
list item may be equal to the indentation level of its ?rst line. 

In one embodiment, the indentation level clustering 
method used may be the k-mean clustering algorithm well 
known in pattern recognition. Given c levels, ml- is the 
average indentation of level 171-, 

y is the indentation of the line, N1- is the number of lines in 
level FI- and I8 is the sum of squared error of all levels. The 
goal of the clustering is to minimiZe J8 de?ned as: 










